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[57] 'ABSTRACT

An improved format sequencer for use in conjunction
with a disk drive is disclosed which features read-only |
memory means for outputting appropriate control sig-
nals to the various functional elements of the disk drive
upon detection that a number of bytes equal to the num-
ber of bytes to be in a given segment of a disk track have
passed by a read/write head in a gwen period of time.
The length of each segment in bytes is stored in the
read-only memory means together with appropriate
control signals to be output thereby in correspondence |
with a particular segment being juxtaposed to the read/-
write head. In this way, the format of each sector of
each track is controlled by the read-only memory
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PROGRAMMABLE FORMAT SEQUENCER FOR
DISK DRIVE

FIELD OF THE INVENTION 5

‘The present invention relates to means and methods
for controlling the operation of a magnetic disk drive.
More particularly, the invention relates to a format
sequencer for generating signals indicative of where
within a given sector the read/write head is at any !¢
given time; i.e., the format sequencer of the invention

keeps traek of the relatlve position of the head and the
disk

BACKGROUND OF THE INVENTION 15

This invention relates to control of operation of mag-
netic disk drives of the type in which the disk is divided
into ““hard” sectors; that is, one in which the format of
the disk is permanently defined at the time of manufac-
ture of the disk. In particular the disk is divided into 20
sectors by radial index marks followed by information
defining the various tracks extending circularly around
the disk. Each track is thus divided by the index mark
into a plurality of sectors. Within each sector there are
various permanently written data used for identification 25
of the track and of the sector and for, e.g., timing of the
data read and write operations-as well as areas left for
the actual storage of data on the disk. In order that the
head can be properly controlled to read and write the
data at the appropriate time, a format sequencer is re- 30
quired in order to keep track of the position of the head
with respect to the disk. That is, to provide a signal
indicating that, for example, the head is currently juxta-
posed to the data field. Clearly, it would be desirable
that such a format sequencer be capable of performing 35
as many operations with as little hardware as possible.
Further, it would be desirable if such a format se-
quencer could be used as well as for actual format se-
quencing, for example, for data read and write control.

OBJECTS OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide an improved format sequencer.

It 1s a further object of the invention to provide a
format sequencer which is capable of defining the posi- 45
tion of a read/write head with respect to a track at any
given time, as well as fer timing of actual read/write
operations. |

A further object of the invention is to provide a for-
mat sequencer which retains proper control of read/- 50
write operations despite varying data processing opera-
tions performed external to a host computer, e.g., error
detection and correction, data encoding, and the like.

SUMMARY OF THE INVENTION

The above needs of the art and objects of the inven-
tton are fulfilled by the present invention which pro-
vides a format sequencer running in synchronization
with a parallel data channel, rather than in synchroniza-
tion with actual fields on the disk. In this way, the for- 60
mat sequencer runs independent of detection of the
various disk address marks and the like so that its opera-
tion is not limited to performance of this function.
Moreover, the use of the parallel data channel as the
sequencing means permits various disk format segments 65
to be ignored in the event, for example, that other func-
ttonal logic units require differing amounts of time to
perform various data operations. The invention is im-

55
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plemented by use of a read-only memory (ROM) in

which are stored data indicative of the various portions

of each data sector. By counting actual data bytes at the
byte rate, the format sequencer knows at all times
where it is with respect to the sector, so that detection
of address marks denoting the actual data fields is not
required for position information purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The invention will be better understood if reference is

~made to the accompanying drawings, in which:

- FIG. 1 shows a dlagram of the format sequencer of
the invention; and |

FIG. 2 shows a logic dlagram of how segments
within a given sector might be organized.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

~'As discussed above, the invention is designed to be
used in connection with a disk drive of the type in
which index marks extending radially across the surface

- of the disk are permanently written to the disk during
- manufacture. These index marks which divide the disk

surface. into sectors are individually distinguishable
from all combinations of data written on the disk. Ac-
cordingly, they provide a reliable indication of the be-
ginning of each sector. |

Referring now to FIG. 1, which shows a diagram of
the invention, the index mark is passed upon detection
to a byte counter 10 and to a segment counter 12. Each
sector 1s divided into identical segments which may

comprise, for example, servo sampling signals used to

provide proper centering of the head over the track,
and to indicate the beginning of the area on disk for the
writing of data thereto. The byte counter counts bytes
as detected and is used to step the segment counter upon
indication that the appropriate number of bytes within
each segment has been counted, as defined by informa-
tion stored in a read-only memory (ROM) 14. The seg-
ment counter 12 is reset to zero at the beginning of the
sector. Upon detection that a given segment has been
reached, the ROM 14 outputs segment-defined informa-
tion to a latch 16 used to provide control signals to

‘other portions of the disk controller, e.g. to enable

read/write circuitry and to load the byte counter to
begin counting bytes to measure the length of the next
segment.

It will be appreciated that thus deﬁnlng the segments
allows multiple synchronization (sync) marks to be used
to confirm that the head is, in fact, juxtaposed to the
portion of the disk to which the format sequencer
“thinks™ it is. That is, position detection becomes fail-
safe. For example, the format sequencer can thus be
used to control the opening of “windows” in time in
which address or “sync” marks are expected to be de-

tected. If such a sync mark is not detected, an adder 18

can be used to step the segment counter ahead, and
accordmgly the ROM 14, through the next segment
thus opening the next window.

Thus, a previously defined sector format consists of
segments. Specific format sequencer outputs are active
during each segment. These outputs provide timing to
other areas of the disk controller. The duration of each
segment is determined by a byte count stored in the

ROM together with the outputs appropriate for the _' | |

partlcular segment within the sec:tor
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The sequencer is initialized at segment 0 by clearing
the segment counter 12 and loading the byte count for
- the sector 0 into the byte counter 10. The output latch
16 is then set to hold the ROM output. That 1s, the
control signal appropriate for segment 0 is output by the

ROM to the latch. The byte counter 10 is decremented

upon detection of each byte pulse until it reaches zero.
At this time, the segment counter 12 is incremented to
the next segment. The segment counter 12 outputs ad-
dress a new ROM location and accordingly a new byte
count is loaded into the counter and the output latch 16
is clocked to provide a new output at the beginning the
new segment. Some of the outputs of the ROM may
provide windows in which sector or data synchronza-
tion pulses should be detected. The format sequencer
synchronizes itself to the parallel data channel bus, and
“in turn to the disk, by opening a window in which a
sync mark is expected to be found. If a mark was found,
the sum of the current segment number and a skip incre-
ment also provided by the ROM 14 is loaded into the
segment counter 12. Thus, using the adder 18 the format
sequencer of the invention synchronizes itself with that
position on the disk directly following the synchroniza-
tion pattern. If, instead, the mark is not detected during
the window, the adder is invoked to skip ahead in seg-
ments, thereby “catching up” to the actual position of

the head with respect to the disk. This capability 1s also

utilized in the event that the sequencer must skip a
particular segment, for example, depending on the type
of data operation being executed. Control logic 20 may
be provided to thus operate the adder 18. In this way,
the synchronization marks, definition of segments, skip
increments and byte counts keep the sequencer in syn-
chronization with the parallel data channel bus, not-
withstanding the mode of operation of the disk control-
ler. For example, the disk drive within which the pres-
ent format sequencer is designed to be used incorporate
error correction logic, as more fully defined in co-pend-
ing application Ser. No. 257,384 filed Apr. 24, 1981.
While these operations are going on, it is important that

the format sequencer maintain control of the location of .

the disk with respect to the head so that upon correction
of the errors, the appropriate data can be rewritten to
the disk.

FIG. 2 shows typical outputs which can be output by
the latch 16 during various segments of each sector; that
is, could be stored in the ROM, together with byte
counts indicating the length of the segments and skip
counts indicative of where the adder output should be
loaded into the segment counter. Typical segments are
defined horizontally at the top of FIG. 2 by numbers 0
through 7, while the output signals are indicated verti-
cally A through E. The byte count, that is, the length of
the segment expressed in bytes, is written at the bottom
of the drawing and thus controls the sector length in
accordance with the byte counter incrementing the
segment counter and hence the ROM, while skip counts
are also provided to the first two segments 1if, for exam-
ple, these segments were not provided with index
marks. For example, these segments of each section
might comprise analog position signal information used
to control the position of the head with respect to the
disk, rather than digital information comprising detect-

able synchronization marks. Hence, the adder would be

skipped over the segments to keep the sequencer prop-
erly in accordance with the actual area of the sector

juxtaposed to the read/write head at any given time.

4
Those skilled in the art will recognize that the use of

~ the byte count to control the sector counting permits
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the format sequencer to be kept in constant synchroni-
zation with the actual bytewise data written to or read
from the disk, which ensures that even if an identifica-
tion mark is missed, such that, for example, a particular
sector would not be available for reading or writing, the
format sequencer maintains its “knowledge” of the pres-
ent location of the disk with respect to the head. The
read-only memory thus may be said to define the actual
sector format. Moreover, the sequencer of the invention
eliminates the need for timing adjustments in control
circuits external to the sequencer required due to differ-
ences in the reading and writing rates thus reducing

‘cost and complenty

‘Those skilled in the art will recognize that there are
numerous modifications and improvements that can be
made to the invention without departing from its essen-
tial spirit and scope which is therefore not to be con-
strued as limited by the above exemplary disclosure, but
only by the following claims.

‘We claim:

1. A programmable format sequencer for pmwdmg
control signals to disk drive apparatus, said signals
being output in response to a determination that particu-
lar portions of a disk are juxtaposed to a read/write
head at a given time, said format sequencer comprising:

means for counting bytes of data recorded on said

disk;

means for comparing said count with predetermined

numbers of bytes defined to be within a given track
segment on said disk;

means for outputting appropriate control s:gnals for

each said segment; and

‘means for sequentially supplying byte counts corre-

sponding to each said segment to said comparator
for use in each said comparison step.

2. The apparatus of claim 1 wherein said means for
providing control signals for each said comparison step
comprises read-only memory means. |

3. The apparatus of claim 2 wherein segment counter
means are additionally provided for counting said seg-
ments and outputting the results of said count to said
read-only memory means to define sectors of said disk.

- 4. The apparatus of claim 3 additionally comprising
adder means for incrementing said segment counter
means in.response to variance of said sequence from

that stored in said read-only memory means.

5. Method of controlling a disk drive comprising the
steps of: |

counting bytes on a disk rotating in juxtaposition to

. read/write head means;
comparing the numbers of said bytes with predeter-
mined numbers of bytes corresponding to defined
segments of the disk surface; and

outputting control signals to said drive indicative of

location of said segments in response to detection
of the passage of numbers of said bytes equal to said
predetermined numbers of said bytes correspond-
ing to the length of said segments on said disk.

6. The method of claim 5 wherein said control signals
are outputted by read-only memory means upon detec-
tion that the number of bytes detected in a given seg-
ment is equal to the length of said segment measured 1n

65  bytes, whereby said control signals define the sequence

of said defined segments of the disk surface..
: % x % % %
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